Overview
The Supplementary Information provides: (i) a table with information about the engine/ship type for the literature studies; (ii) information on the conversion between mass-based and energybased emission factors (EFs); (iii) information on the determination of the SP-AMS collection efficiency; (iv) information operation of the CCN instrument, and; (v) further details about the SP2 data processing. Table S1 provides information on the engine type, ship type and fuel used in the various literature studies discussed in the main text.
Absolute Values of the BC and EC Emission Factors

Conversion of Literature Black Carbon (BC) and Elemental Carbon (EC) Emission
Factors
Many of the literature studies report the EF BC values in units of g kW 
where the 0.865 is the assumed mass fraction of carbon in the fuel. In cases where neither the SFOC or EF CO2 are directly reported, we have estimated the SFOC from the commonly used
where c 0 = 14.1205 and c 1 = 205.7169 and F load is expressed as a fraction, not a percentage (Entec, 2002) . This SFOC estimation method was necessary for only two studies, Sarvi et al. (2009) and Kasper et al. (2007) .
The SP-AMS Collection Efficiency (CE)
The SP-AMS was calibrated during Calnex by determining the mass specific ionization efficiency (mIE BC ) for size-selected Regal black particles, based on the previously determined mobility/mass relationship for Regal black particles . Atomized Regal black particles are collapsed into tightly packed agglomerates that are nearly spherical, and thus we expect good overlap between the sampled particle beam and the SP-AMS laser beam. The collection efficiency (CE) for sampled particles depends on the extent to which the sampled particle beam behaves similar to the Regal black calibration particles. If there is greater divergence of the particle beam, the CE will be less than unity because of lessened overlap between the particle beam and the SP-AMS laser beam. The two main issues that affect particle beam divergence in the aerodynamic lens are (i) particle shape and (ii) particle size.
Nonspherical particles and smaller particles will cause greater particle beam divergence when sampled into vacuum due to lift forces and Brownian motion, respectively (Huffman et al., 2005; Liu et al., 1995a, b) .
The measured SP_AMS rBC CE for on-road vehicle exhaust emissions in New York City, as determined in situ by comparing with an independent measurement for black carbon mass loading, was 0.11 . In a separate study of on-road vehicle emissions in California by Dallmann et al. (In preparation) , the SP-AMS rBC CE was measured to be 0.27.
Based on these results we estimate the CE BC,plume = 0.2, with an assumed uncertainty of ± 40%.
For comparison, the campaign average CE was ~0.5 for non-plume ambient particles, determined by comparison of the SP-AMS to the SP2 (Massoli et al., In preparation) , while a broader comparison of the SP-AMS with additional ship plume encounters is consistent with the smaller CE BC,plume used here (Buffaloe et al., In preparation). The ambient BC-containing particles were typically internally mixed with substantial amounts of non-BC material (Cappa et al., 2012) , and therefore larger and more spherical than the plume BC particles and thus expected to exhibit a CE greater than the ship-plume CE.
The CE in the SP-AMS is not necessarily the same for the BC and the associated non-BC material (e.g. organics, sulfate) and will be, in general, larger for the non-BC material. The reason for this difference is that the BC containing (i.e., absorbing) particles that pass through the edges of the laser beam absorb less energy and heat less. The material that vaporizers first (i.e., under small increases in temperature) from the BC particles will always be the non-BC associated material, and this material may evaporate even if the BC material does not fully vaporize and get detected. This process is illustrated in the different laser power dependences for BC and associated non-BC materials reported in Onasch et al. (2012) . Thus, we estimate that the CE for non-BC species in the plume, which determines the measurement accuracy, was CE non-BC,plume = 0.4 ± 100%. The precision of the non-BC material measurements is expected to be substantially larger.
Measurements of Cloud Condensation Nuclei Emission Factors
The CCN instrument was operated such that it sampled sequentially in time at supersaturations (SS) of 0.3%, 0.4%, 0.5%, 0.6% and 0.7%, and then the cycle is repeated. The sampling time at each SS was 5 mins, with the exception of SS = 0.3% for which the sampling time was 10 mins to allow for stabilization after returning from SS = 0.7%. For some plumes (i.e. vessel speeds), the relative timing between the super saturation changes in the CCN counter and the the plume encounters allowed for determination of the EF CCN at two SS values. To determine the EF CCN for these plume subsets, the area ratio method was used (as described in the main text), but the area for both the CCN number concentration and [CO 2 ] were calculated only for the period corresponding to operation at a given SS. To allow for determination of the CCN/CN ratio (i.e.
the fraction of particles that act as CCN), EF CN values were determined over periods corresponding to the appropriate SS.
SP2 Data Processing
The SP2 measures the incandescence emitted by refractory black carbon particles heated to their boiling point (~4000 K). The per particle rBC mass is proportional to the intensity of the emitted incandescence. The counting efficiency (i.e. detection efficiency) of the SP2 depends on (i) having the laser and particle beams properly aligned with respect to each other, (ii) the laser power and (iii) the particle size (Laborde et al., 2012b) . It is this last aspect that is most relevant to the current study, in particular to the determination of the shape of rBC size distributions for small particles (<100 nm). Smaller particles have larger surface area-to-volume ratios (SA/V) than larger particles; this is exacerbated when particles are fractal like. For rBC particles to reach their boiling points and incandesce the rate of energy input by the laser must be greater than the rate of energy loss from e.g. thermal conduction to the bath gas. For particles with volume equivalent diameters (d p,VED ) less than ~100 nm the heating may not be sufficient to bring the particle to a temperature that is high enough to lead to incandescence. In other words, cooling wins out and the particles do not incandesce. (For the SP-AMS, where the particle heating occurs in vacuum, this conductive cooling is not an issue and small particles that pass through the laser beam can be detected with equal efficiency to larger particles.) Whether an individual small rBCcontaining particle will incandesce will depend, somewhat, on the shape of that particle. Thus, one should expect that, given a random population of rBC containing particles, the likelihood that a particle with d p,VED < ~100 nm will give a measurable incandescence signal will be similarly random, but with a probability that decreases with d p,VED . This has been observed previously (Schwarz et al., 2010; Laborde et al., 2012b) , with the detection efficiency for the SP2 falling off precipitously below d p,VED ~ 100 nm, with approximately a sigmoidal shape. This fall off in the detection efficiency (DE) was quantified after the CalNex campaign for this SP2 in the laboratory and was found to have a similar shape to literature observations (Schwarz et al., 2010; Laborde et al., 2012b) . The specific fall off in DE with size used to correct the directly observed size distributions is shown in Fig. S1 . The uncorrected size distributions used to generate Fig. 6 in the main text are shown for reference in Fig. S2 . Ideally the DE for particles with d p,VED > ~100 nm is unity (Laborde et al., 2012b) . During CalNex, the DE for such particles was measured to be 0.7, which suggests a laser alignment problem. Further, the scattering traces (i.e. scattering intensity vs. time) for individual particles deviated from the ideal Gaussian shape (Gao et al., 2007; Moteki and Kondo, 2008) , consistent with laser issues. Undoubtedly, the uncertainty in the CE correction for smaller particles is large given the steepness of the curve.
However, we aim to use this correction in only a semi-quantitative manner to demonstrate (i) that it is very likely that particle mode with d p,VED < 60 nm exists and (ii) to provide a rationale for the lower EF BC values derived from the SP2, compared to the other measurement techniques. It should be noted that the SP2 will always provide a lower bound on the rBC mass concentration because of the limited detection range and that non-symmetric uncertainties are appropriate. The positive uncertainty on the SP2 EF BC is estimated for this study to be ~100%, based on results from Liggio et al. (2012) looking at relatively "fresh" emissions in a road-side environment. The negative uncertainty is estimated as 20%, based on consideration of how well fullerene soot represents ambient BC (Laborde et al., 2012a) . Figure S1 . The detection efficiency for the SP2 used during CalNex as a function of size. 
